The presence and distribution of lithium, which is used in a variety of applications in current technology and will be a strategic component in near future technology, has been investigated within the scope of some of Turkey's borate and non-borate Neogene basins and recent lakes. Clay samples from the Turkish borate deposits, Soma lignite basin, and Beypazari trona basin, and water samples from Acigöl, Salda, Yariºçi, Burdur, Egirdir, Tersakan, Bolluk, Karapinar (Acigöl), and Tuzgölü lakes were studied. Analytical results show that the lithium values obtained from clays of borate deposits vary between 0.17 and 0.58% Li 2 O, and lake water samples contain between 0.30 and 325 mg/l Li + . Lithium is mostly bounded in the clay minerals at the borate deposits. While, the Beypazari trona deposit has lithium between 10 and 46 ppm, the Soma lignite basin does not contain lithium. Therefore, lithium is mainly related to evaporatic formations. These lithium amounts indicate that both the waters of Tuzgölü lake and the clays associated with borate deposits are potential lithium resources, and that they may be considered for economic use in the near future. In western Turkey, geothermal sources mostly depend on the graben faulting system; they also contain minor amounts of lithium.
Introduction
LITHIUM IS WIDELY distributed in nature, with trace amounts occurring in most rocks and soils and in many natural waters. The average lithium content of the Earth's crust is estimated to be 20 ppm; seawater contains about 0.18 ppm (Bach and Wasson, 1981) .
More than 80% of the lithium produced in the world comes from brines, because such a source is much less costly to produce than is extraction from spodumene, lepidolite, and other solid minerals. Hence, the solid Li-bearing ores are gradually being phased out from as sources of lithium production. The lithium-bearing clay deposits can be considered a potential resource, because of high lithium content (up to 0.65 wt%) in beds, which were formed in borate-bearing basins.
A relatively large, low-grade, lithium-bearing clay resource occurs in the borate-bearing Neogene basins of Anatolia; the lithium is contained mostly in hectorite. The purpose of this study is to identify and evaluate the current and potential lithium resources of Turkey. Clays from the Bigadiç, Sultançayir, Kestelek, Emet, and Kirka borate deposits; the Soma lignite basin and Beypazari trona basin; and water samples from the lakes Acigöl, Salda, Yariºçi, Burdur, Egirdir, Tersakan, Bolluk, Karapinar (Acigöl) lake, and Tuz Gölü lakes; and geothermal waters were studied (Fig. 1 ).
Material and Methods
Clay samples were collected from the different borate deposits. Mineral analyses were performed by X-ray diffraction (XRD) using CuK α radiation (30kV, 40mA) on a Siemens Kristalloflex D500 Xray generator. Random powder samples were prepared for mineral identification and the <2 µm size fraction was separated and oriented clay aggregate samples were prepared after centrifuging (Gibbs, 1965 (Gibbs, , 1968 . Before preparation of the oriented samples, the clay-sized fraction was washed in warm distilled water; the samples were filtered by a membrane filter (0.45 µm) to eliminate the borax contents. Selected samples of the clay fraction were saturated with ethylene glycol for 12 h at 60ºC, and heated to 550ºC. Each was subjected to XRD analysis. A semi-quantitative analysis of the <2 µm size fraction was obtained by multiplying the intensities of the basal reflections of each clay component by suitable factors according to unpublished internal reports of the Institute of Mineralogy and Petrography of the University of Bern (Switzerland). Reproducibility is ±5%, and the error is ~20%. Chemical analyses of clays were performed using a Philips PW1400 X-ray spectrometer with a Cr anode at the FIG. 1. Simplified geological map of west-central Anatolia (modified from 1:2,000,000-scale geological map of Turkey) and locations of the studied areas (borate deposits, Soma lignite basin, Beypazari trona basin, and recent lakes).
Institute of Mineralogy and Petrography of the University of Fribourg (Switzerland). Some of the Li content of the samples was analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES) at the Paul Scherer Institute (Switzerland). Some of the Li content of the clays was analyzed in the geochemistry laboratory of Dokuz Eylül University, Mining and Geological Engineering Department. FeO contents were determined using the dipyridilic method (Lange and Vejdelek, 1980) and analyzed with a Philips Pye Unicam PU8650 spectrophotometer. The average error of the FeO analysis is ±0.02 wt% based on reproducibility tests. The CO 2 and H 2 O + contents were determined using a Leco RC-412 Multiphase carbon determinator in Institute of Mineralogy and Petrography of the University of Fribourg (Switzerland). Grain sizes of the samples were analyzed by SediGraph-5100. Chemical data for waters have been obtained from samples collected from lake waters. The pH and temperature values were measured in the field at the time of sampling. Major and some trace elements in the waters were analyzed in the geochemistry laboratory of Dokuz Eylül University, Mining and Geological Engineering Department. Concentrations of Na, K, Mg, and Li were determined by an atomic absorption spectrometer (Perkin Elmer 2280).
Tectonic Setting
Turkey is located within the Alpine-Himalayan orogenic belt at the geological margin between the African-Arabian and Eurasian plates. It has been subdivided into four tectonic units (Pontid, Anatolid, Taurid, and Border Folds) by Ketin (1966) . The North Anatolian Fault Zone (NAFZ) separates the Eurasian plate from the Anatolian plate and the African-Arabian plate ( Fig. 1) (Dewey and ªengör, 1979) . The Anatolian region consists of a mosaic of fragments of continental crust originally scattered over the Tethys. These fragments have been assembled as intervening oceanic crust that has been eliminated by a series of subduction episodes over the past 200 m.y. (Crampin and Evans, 1986) . The differential plate motions are responsible for the young, east and west Anatolian volcanic activity. Block faulting and North Anatolian transform movements apparently began in the mid-Miocene (ca. 15 Ma) (McKenzie and Yilmaz, 1991) .
The Anatolian orogenic belts have been shortened by thousands of kilometers from the Upper Cretaceous (Campanian-Maastrichtian) to the Miocene-Pliocene. Plutons formed as a result of magmatic activity that occurred in different stages during all periods of the Paleozoic up to the present underlie extensive areas of western Anatolia. The plutons become progressively younger from north to south (Ercan and Türkecan, 1984) .
Western Anatolia is located on seismically active crust, which has been extending aproximately N-S since the Miocene (Dewey and ªengör, 1979; ªengör, 1987) . Under this extensional regime, the upper crust of western Anatolia was broken by normal faults controlling E-W-trending grabens (Fig.  1) . The most important, and the largest, grabens are Edremit, Bakirçay, Kütahya, Simav, Gediz, Küçük Menderes, Büyük Menderes, and Gökova grabens. Other, less prominent, structural elements of western Turkey are the NNE-trending basins and their intervening horsts (e.g. Gördes, Demirci, Selendi, and Uºak-Güre basins) (Yilmaz et al., 2000) . The Neogene basins of western and central Turkey contain various sedimentary constituents with important lignite, bituminous shale, evaporites, and borate deposits, controlled mainly by the tectonic character of the pre-Neogene basement. Recent lakes are also formed according to Neotectonic features of Turkey.
The distribution of hot springs in Turkey closely follows the tectonic patterns, and are clearly related to young volcanic activity and block faulting (grabens) that developed under the influence of young tectonic movements, widespread acidic volcanic activity with much hydrothermal alteration, fumaroles, and hot springs (Fig. 1 ). The circulation of thermal waters is closely related to major fault and fractured zones (Vengosh et al., 2002) .
Geological Setting

Borate deposits
The important borate minerals from a worldwide commercial standpoint are borax, ulexite, and colemanite. They are produced in a limited number of countries, dominated by Turkey and the United States, which together furnish about 90% of the world's borate supplies (Lyday, 1991; Kistler and Helvaci, 1994) . The main borate districts of Turkey are Bigadiç, Kestelek, Sultançayir, Emet, and Kirka ( Fig. 1) (Helvaci, 1989; Kistler and Helvaci, 1994) .
The borate deposits of Turkey were formed in lacustrine environments during periods of volcanic activity. Although the lithologies of the borate deposits show some differences from one to another, they are generally interbedded with conglomerate, sandstone, tuff, claystone, marl, and limestones, and are usually enveloped by, or grade into, limestones or claystones (Inan et al., 1973; Helvaci, 1977; Sunder, 1980) ; sediments exhibit both lateral and vertical facies changes. Volcanic rocks in the vicinity of the playa lakes in which the borate deposits were formed are extensive. The volcanic rocks are generally represented by a calc-alkaline series of flows ranging from acidic to basic and by associated pyroclastic rock.
Colemanite, a very common calcium borate, is the predominant mineral in all borate districts except for Kirka. A large number of other borate minerals are found in the deposits, including pandermite, inyoite, meyerhofferite, tincalconite, kernite, hydroboracite, inderite, inderborite, kurnakovite, cahnite, terrugite, veatchite-A, and tunnelite (Inan et al., 1973; Helvaci, 1977 Helvaci, , 1978 Helvaci, , 1983 Helvaci and Orti, 1998) . The boron in the deposits is assumed to have been derived by leaching of the surrounding rocks by geothermal activity associated with local volcanism (Floyd et al., 1997) . The borates then formed when the spring waters evaporated after flowing into shallow playa lakes (Helvaci, 1995) .
Isotopic evidence from δ 11 B and 87 Sr/ 86 Sr ratios of colemanite in the different Turkish borate deposits suggests that there is some variation in the source of boron and strontium of the deposits. The data span a wide range in δ 11 B values from -1.6‰ to -25.3‰ (Palmer and Helvaci, 1995, 1997) .
Non-borate deposits
Beypazari trona deposit. A sedimentary sequence approximately 1200 m thick, ranging in age from middle to late Miocene crops out in the Beypazari-Çayirhan district 100 km northwest of Ankara. The stratigraphy, sedimentology, and tectonic evolution of this basin differ from other parts of Central Anatolia in terms of the presence of economic resources of lignite, bituminous shale, trona, sodium sulfate, gypsum, and clay minerals , Orti, et al., 2002 . Lesser amounts of borates such as searlasite (Helvaci et al., 1989; and luneburgite (Gündogan, 2000; Orti et al., 2002) are also present in the Beypazari basin. The Neogeneaged Beypazari basin is limited on the north by the Pontid mountain belt. This part of the Pontids consists of metamorphic, volcanic, and sedimentary rocks, which are Paleozoic to Tertiary in age (Ketin, 1966; Saner, 1979) . The Miocene sequence has been subdivided into the Çoraklar, Hirka, Akpinar, Çayirhan, Bozbelen, and the Kirmir formations, the Sariyar limestone, and the Teke volcanics , Helvaci et al., 1989 . The Çoraklar Formation comprises mainly volcanoclastic rocks and lignite deposited in alluvial fan environments. This unit is overlain by the Hirka Formation, consisting of bituminous shale, trona, claystone, mudstone, and tuffite intercalations . The major sodium carbonate mineral is trona, with minor amounts of nacholite and trace amounts of pirssonite and thermonatrite . The Kirmir Formation, which is the upper part of the Beypazari Miocene sequence, consists of gypsiferous claystone, thenardite, glauberite, laminar gypsum, and massive gypsum (Yagmurlu and Helvaci, 1994; Gündogan and Helvaci, 2001; Orti et al., 2002) .
Soma lignite deposit. The Soma coal-bearing area is a Miocene basin close to the northern Aegean coast of Western Anatolia, and is located at the northern end of the western Anatolian graben complex. The basement rocks of this Miocene succession of the Soma basin consist of Mesozoic flyschtype silisiclastic and carbonate rocks of the Izmir-Ankara zone, as described by earlier authors (e.g., Brinkmann, 1972; Güvenç and Konuk, 1981; ªengör et al., 1985; Erdogan, 1990; Okay and Siyako, 1991) . The rocks of this zone are overthrust onto the Paleozoic metamorphic complex of the Menderes Massif. The general stratigraphy of the Soma coal basin includes the early to middle Miocene-aged Soma Formation, consisting of the Lower Lignite seam and Middle Lignite succession, and the late Miocene-early Pliocene Deniº Formation, consisting of the Upper Lignite succession (Brinkmann et al., 1970; Nebert, 1978 , Inci, 1998 .
Recent lakes
Recent lakes in the southwestern and central part of Turkey have been investigated for their Li potential. These include the Salda, Yariºçi, Burdur, Acigöl, Egirdir, Beyºehir, Karapinar (Acigöl), Tersakan, Bolluk, and Tuzgölü lakes. All of these perennial lakes were developed unconformably on Paleozoic to Neogene basement rocks consisting of ophiolite, limestone, flysh, and detrital and volcanic rocks ( Fig. 1 ). Lakes Acigöl, Bolluk, Tersakan, Tuzgölü, and Karapinar (Acigöl) are saline and alkaline, whereas the rest are freshwater lakes. Salda Lake is a high alkaline and also freshwater lake (Braithwaite and Zedef, 1996) . At the end of the summer, Tuzgölü, Bolluk, and Tersakan lake levels fall below 70 cm due to the arid continental climate. The average annual precipitation around these lakes is 293 mm and annual potential evaporation is 1300 mm, according to the 40-year records of the Cihanbeyli meteorogical station. On the other hand, the areas of the Salda, Yariºçi, Burdur, Acigöl, Egirdir, and Beyºehir lakes have similar evaporation (about 1200 mm/year), but the rainfall is twice that (about 450 mm/year) of the central Anatolian lakes.
Basement rocks of Salda Lake consist of mainly serpentinized ultramafics, and lake waters are enriched in magnesium. Braithwaite and Zedef (1996) indicated that there is no direct precipitation of magnesite from lake water. They also reported that indirect precipitation is microbially driven and results in the formation of stromatolites of meter dimensions consisting of hydromagnesite, rather than magnesite. Acigöl and central Anatolian saline lakes (Bolluk, Tersakan, and Tuzgölü lakes) lie on a basement consisting of ophiolitic mélange and pre-Neogene to Neogene evaporite-bearing sedimentary rocks. Acigöl, Bolluk, and Tersakan lakes have economic potential for Na-sulfate, and Tuzgölü Lake for a Na-chlorine. Recent sediments of Tuzgölü Lake and vicinity are predominantly composed of gypsum, dolomite, magnesite, huntite, and polyhalite (Irion and Muller, 1968; Gündogan and Helvaci, 1996; Çamur and Mutlu, 1996) .
The Karapinar (Acigöl) lake basin is located around the town of Karapinar (Konya) and lies within a volcanic area that has been active in various phases from the Late Miocene to the present. Currently active volcanism is evidenced by the discharge of thermal and mineral waters and magmatic gases. Potentially economic deposits of borate, chlorate, sulfate, and carbonate salts related to this volcanic activity are forming within the Karapinar (Acigöl) lake basin (Helvaci and Ercan, 1993) .
Results
Clays from borate deposits
Borate deposits consist of fine-grained rocks, including calcareous clay, clay, and tuffites. Borate mineral formations mostly associated with the clays envelop the colemanite nodules and/or intercalate with the borate levels. X-ray diffraction patterns of the clay fraction (<2 µm) indicate that smectite is the abundant clay mineral of the borate deposits.
Bigadiç. The Bigadiç borate deposits are the largest colemanite and ulexite deposit known in the world (Helvaci, 1989) . Clay samples from the Acep and Tülü borate mines were examined in this study. X-ray diffraction patterns of representative clay samples of the Bigadiç borate deposits are shown in Figure 2 . The whole-rock mineralogy of the Bigadiç clays consists of dominant smectite, K-feldspar, ulexite, and calcite. Smectite is obtained at 100 wt% in both borate zones (upper and lower) from the Acep and Tülü mines. The d(001) reflections of smectites are at 14 Å under ambient conditions and at 17 Å after saturation with ethylene glycol (Fig. 3) . The d(060)-reflection value is >1.52 Å in clays from the borate zones, indicating that the smectite is trioctahedral. The whole-rock chemical analyses show that a representative Bigadiç clay sample contains 27.33 wt% of MgO (Table 1) . No other Mg-rich mineral or lithium minerals were detected by XRD, so the magnesium and lithium are probably bound in the smectite. Li 2 O concentrations in clay (<2 µm) are around of 0.51 wt% (Table 1 ). Chemical analyses show that Bigadiç smectites are hectorite. The Li 2 O content of the samples from different parts of the mine vary between 0.15 and 0.45 wt%. The tailing products of the concentrator have Li 2 O contents of 0.40 wt% (Table 2) . Büyükburç and Maraºlioglu (2002) Kestelek. The Kestelek borate deposit contains dominant colemanite, probertite, and lesser amounts of ulexite and hydroboracite minerals. An X-ray diffraction pattern of a representative clay sample of the Kestelek borate deposit is shown in Figure 2 . Whole-rock mineralogy of Kestelek clays is smectite, quartz, calcite, K-feldspar, plagioclase, and colemanite. Smectite is the major clay mineral in the Kestelek borate mine, with 73 wt% in the clay fraction (<2 µm). The other clay minerals are 18 wt% illite, 6 wt% chlorite, and 3 wt% kaolinite. The d(001) reflections of smectites are at 15 Å under ambient conditions and at 17 Å after saturation with ethylene glycol (Fig. 3) . The large d(060) reflection value of ~1.53 Å is mostly trioctahedral smectite. The Li 2 O content of the clay samples from the Kestelek mine varies between 0.15 and 0.17 wt% (Table 2) . Whole-rock chemical analyses of samples from the Kestelek mine waste dump show that they contain 0.22 wt% Li 2 O (Table 1) ; a 0.14% Li 2 O content was found in a colemanite sample from dark clay from the Kestelek colemanite mine, screened below 0.074 mm (Büyükburç and Maraºlioglu, 2002) .
Sultançayir. The calcium borate deposits of the Sultançayir Basin consist mainly of priceite (pandermite), howlite, and minor amounts of colemanite and bakerite occurring interstitially within thick gypsum-claystone sediments (Helvaci, 1978 Orti et al., 1998) . These borates grew, displacing and/or replacing the gypsum sequence in the depo-center . Clay samples from the Sultançayir borate deposits contain dominant smectite (Fig. 2) . Smectite is obtained at 98 wt% in the clay fraction (<2 µm). Illite is present in very low amounts. The d(001) reflections of smectites are at 15 Å under ambient conditions and at 17 Å after saturation with ethylene glycol (Fig. 3) . The d(060) reflection value is around 1.53 Å in clays, which indicates that the smectite is trioctahedral. The Li 2 O content of the clay samples from the Sultançayir mine varies between 0.09 and 0.17 wt% (Table 2) .
Emet. Commercial borates are represented by colemanite, with minor amounts of ulexite. The borates are interbedded with tuffs, claystones, and marlstones (Helvaci and Firman, 1976; Helvaci, 1984 Helvaci, , 1986 . There are two main borate mines in the Emet region: (1) the Esbey-Killik colemanite mine in the north; and (2) the Hisarcik colemanite mine in the south. In whole-rock mineral analyses of the Hisarcik mine, smectite, calcite colemanite, and quartz are dominant (Fig. 2) . No other Mg-and Lirich mineral was detected by XRD. The main clay mineral of the Hisarcik mine is smectite; the other clay minerals are illite and chlorite (the latter in small amounts). X-ray diffraction and chemical composition of the Hisarcik smectites (Fig. 2) indicate that they are Li-bearing saponite (Table 1 ) (Çolak et al., 2000) . Whole-rock mineral analysis of the Esbey mine reveal calcite, smectite, illite, chlorite, quartz, and K-feldspar. The Esbey clay fraction is inhomogeneous and contains smectite (85-90 wt%), illite (10-15 wt%), and chlorite and kaolinite (1-3 wt%) ( Fig. 3) (Çolak, 1995) . The Li 2 O content of clay samples varied from ~0.11 to 0.26 wt% (Table 2) . Chemical analyses of clay (<2 µm) indicate high Li 2 O concentrations (Table 1) . Lithium is mostly bound in the clay minerals. The highest Li 2 O content (0.37 wt%) was detected in colemanite screened below 0.074 mm at the Hisarcik colemanite open-pit mine (Büyükburç and Maraºlioglu, 2002) .
Kirka. Borax is the principal borate mineral of commercial-grade borate bodies of the Kirka deposit. Colemanite, ulexite, inyoite, tincalconite, kernite, tunellite, kurnakovite and inderite are minor components of the borate paragenesis (Inan et al., 1973; Helvaci, 1978; . The borate body is enclosed by clay and limestone facies (Kistler and Helvaci, 1994) . The clay consists of smectite-group minerals and, less frequently, illite and chlorite minerals. Zeolites occur within the tuff horizons (Helvaci, 1983) . The bulk mineralogical compositions of the clay samples contain, in addition to borate minerals, lesser amounts quartz, Kfeldspar, plagioclase, and abundant dolomite (Çolak, 1995) . A representative x-ray diffraction pattern of an important sample is given in Figure 2 . The bulk samples before powder preparation were dried at 100°C, and then whole borax minerals (Na 2 B 4 O 7 .10H 2 O) were transformed to tincalconite (Na 2 B 4 O 7 .5H 2 O) (Fig. 2) (Fig. 2) . The other clay minerals obtained as illite (20-25 wt%), chlorite-kaolinite (4-5 wt%) in the upper most part of the borate zone, which is rich in ulexite. The d(001) reflections of smectites are at 15 Å under ambient conditions and at ~17 Å after saturation with ethylene glycol. The d(060)-reflection value (Fig. 3) is around of 1.51 Å in clays, indicating that the smectite is close to trioctahedral form. The whole-rock analyses of the clay samples contain 2.17-21.23 wt% of MgO. The magnesium is bound in the clay minerals, dolomite, and kurnakovite. Chemical analysis of clay samples, which are rich in smectite compared to saponite and stevensite, among the Kirka samples revealed low Al +3 , Fe +3 , and Fe +2 concentrations (Table 1) . Thus, these results indicate that the most of Kirka smectites are hectorite. The Li 2 O content of the clay samples from the Kirka mine varies from 0.09 and 0.65 wt% ( Table 2 ). The Kirka mine tailings contain 0.32 wt% Li 2 O. Büyükburç and Maraºlioglu (2002) found 0.32 wt% Li 2 O from clay including borax from the openpit mine, 0.51 wt% Li 2 O from green clay, including banded-borax zone, and 0.36 wt% Li 2 O from the tailing.
Clays from the non-borate deposits
Beypazari trona deposit. The mineral components of the associated fine-grained sedimentary rocks of the Beypazari trona beds consist of, in decreasing order of abundance, clay minerals, dolomite, calcite, analcime, K-feldspar, plagioclase, quartz, opal-CT, and α-quartz . Smectite, SImixed layered, illite, and chlorite are the only clay minerals of the Beypazari basin . The Beypazari trona deposit (crude ore) contains lithium of ~10-46 ppm .
Soma lignite deposit. The Soma coal basin is one of the largest economic lignite-bearing basins of western Turkey. Mining studies are still active in three different coal horizons. The lower part of the Lower Lignite horizon is very clayey, of brown-black color. Dominant clay minerals of this seam are kaolinite, chlorite, illite, and minor amounts of smectite (Tungay, 1996; Baykal and Inci, 2001) . Lithium was not detected in the Soma clays (Mordogan and .
Lithium concentration of some recent lake waters from Anatolia
Lithium concentrations of recent lake waters of Acigöl, Salda, Yariºçi, Burdur, Egirdir, Tersakan, Tuzgölü, Bolluk, and Karapinar (Acigöl) lakes are presented in Table 3 . Lakes Acigöl, Bolluk, Tersakan, Karapinar (Acigöl), and Tuzgölü exist in saline and hypersaline continental evaporitic depositional environments and exhibit playa lake characteristics. Na 2 SO 4 production is still occurring in Acigöl, Bolluk, and Tersakan lakes. The lithium content of Lakes Bolluk and Tersakan is 34-36 mg/l, and 28-34 mg/l, respectively. The waters of Tuzgölü Lake, and especially the Yavºan salt production region, has a high lithium concentration (325 mg/l), nearly the same amount as in waters from other saline lakes worldwide such as Salar de Uyuni (Bolivia; 250 mg/ l), Salar de Atacama (Chile; 1250 mg/l), the Salton Sea (California, U.S.; 220 mg/l), Silver Peak (Nevada, U.S.; 300 mg/l), Searles Lake (California, U.S.; 83 mg/l), the Great Salt Lake (Utah, U.S.; 60 mg/l), and the Dead Sea (Israel/Jordan; 20 mg/l) (Bleiwas and Coffman, 1986) . High magnesium concentrations in the waters of these Turkish lakes could make lithium production problematic. With the exception of those lakes described in some detail above, the lakes contain relatively low amounts of lithium (Table 3) .
Lithium concentrations of thermal and mineral waters from western Anatolia
Lithium concentrations of the thermal and mineral waters in some selected geothermal areas (Fig.  1) are presented in Table 4 . Geothermal areas in western Anatolia such as Turgutlu, Salihli, Germencik, Aydin (Ilicabaºi), Pamukkale, Kizildere, and Simav are directly related to an extensional tectonic regime that prevailed in a Neogene series of grabens. The Pamukkale hot spring has a 87 Sr/ 86 Sr ratio of 0.707864 that is distinctively low relative to other non-marine thermal systems (Vengosh et al., 2002) . The high 87 Sr/ 86 Sr ratio (0.719479) of the geothermal water from the Kizildere system suggests that the deep aquifer units (schist and quartzite) are the predominant rock sources of Sr, whereas the shallow limestone unit has negliable effects on the dissolved Sr budget in the thermal waters (Vengosh et al., 2002) . The lithium concentration of Kizildere thermal water is a little higher than that of Pamukkale thermal water. This Li augmentation could be related with Sr. The 87 Sr/ 86 Sr ratio of thermal water (0.710867 in Germencik and 0.71449 in Aydin-Ilicabaºi) reflect leaching of Sr from a highly radiogenic source.
Some geothermal areas such as Saraycik, Kula, Seferihisar, Çeºme, and Turgutlu differ from one another in terms of water type, and are controlled by post-collosional volcanic activities. Thermal waters of Seferihisar and Çeºme are marine in origin, in which seawater has penetrated through faults, fractures, and karst structures, are heated in reservoir rocks, and move to the surface (Gemici and Filiz, 2001; Vengosh et al., 2002) .
The Çanakkale-Tuzla geothermal area is a volcanic area. Thermal water is derived from a shallow volcanic reservoir at a depth of 330-350 m and a granite reservoir at a depth of 1020 m. The thermal water of Tuzla is unique due to the extremely high dissolved salt content, up to 63 g/l, and an 87 Sr/ 86 Sr Egirdir Lake Center of lake 28 8.5 -8.5 2.5 30
Tersakan Lake Main lake, entrance of "C" production pool (1) Main lake, entrance of "C" production pool (2) Bolluk Lake Kirhavuzu sodium-sulfate production pool (1) Kirhavuzu sodium-sulfate production pool (2) "C" production pool Main lake, entrance of "C" production pool ratio of 0.709633 (Vengosh et al., 2002) . According to these researchers, the thermal fluids of Tuzla and Seferihisar are of marine origin, so the lithium source must be different from those of the boron deposits and the recent lake waters. The Lithium concentration of thermal and alkaline springs originating from the Teke Volcanics and from pre-Miocene granitic rocks south of Beypazari is between 0.46 and 1.65 ppm .
Discussion and Conclusion
Lithium was detected in large amounts in the borate deposits of Turkey, especially the Bigadiç deposits which have a high concentration of Li 2 O (0.71%). Hectorite in the Bigadiç borate deposits led to the absorption of lithium. The Kirka borax mine also has hectorite-type smectite, but it is dominantly associated with dolomite. The Hisarcik (Emet) colemanite mine has a higher amount of smectite than does the Espey (Emet) colemanite mine. Lithium concentrations of the Espey colemanite mine are lower than those of the Hisarcik colemanite mine. The Smectite concentration of the Kestelek colemanite mine is lower than those of the other borate deposits. Lithium concentrations of the borate deposits are positively correlated with the amounts and types of clay. However, this alone is not sufficient to explain the high lithium contents; lithium in solution, fed by a fossilized lake, also serves as a boron source. The Beypazari trona basin has a minor amount of borate minerals such as searlasite (Helvaci et al., 1989; and luneburgite (Gündogan, 2000; Orti et al., 2002) . On the other hand, lithium was not found in the Soma lignite deposits, which has no evaporatic minerals. Consequently, lithium appears in evaporitic environments, mostly in borate deposits of Turkey. Lithium element is closely related with sodium element. High lithium contents are seen both in the recent lakes waters and in the borate deposits (containing borax and ulexite minerals).
The Tuzgölü deposit (Yavºan salt pan) has a lithium content as high as 318-325 mg/l, which is nearly same as other major world lithium production sites from lake waters such as Salar de Uyuni, Bolivia; the Salton Sea, Silver Peak, Searles Lake, and Great Salt Lake, all in the United States; and the Dead Sea of Israel/Jordan. Bolluk and Tersakan lakes have also substantial lithium resources (Table 3) . Tokçaer, 2000. Geothermal sources, found mostly in the graben system in western Turkey, also contain minor amounts of lithium. Lithium concentrations of the geothermal sources are related to the saturation grade of solution. Therefore, these results can vary due to the saturation stage.
Lithium distribution in west-central Turkey is concentrated in the southern part of the Izmir-Ankara Suture Zone. Volcanism intruded through the subducted zones, and affected the solutions that fed lithium, boron, magnesium, and the sodium to Neogene lakes.
The lithium concentration of hectorite in areas of commercial production is around 1.14% Li 2 O. The highest lithium value of hectorite from the Bigadiç borate deposits is ~ 0.71% Li 2 O. The lithium-bearing clays of the Bigadiç borate deposits should be economic in the future when the lithium the ratio of demand to supply increases.
